It is ordinarily common for forage production in southern Kyushu to adopt a double cropping system, composed of summer forage crops (e.g. maize and sorghum) cultivated from late March to early September, and winter grass crops (e.g. Italian ryegrass (IR) and oat) from mid-October to the following May. However, if high total digestible nutrient (TDN) production is aimed to introduce winter cereal crops (e.g. wheat and barley) as a replacement of IR, it is necessary to cultivate tropical grass, which has a rapid-growth potential with high crude protein (CP) concentration in a switching period between summer and winter crops. In this study, teff (Eragrostis tef) was tried to evaluate as a candidate crop in the switching period. Yield and quality of two types of triple forage cropping system were determined under maize-teff-barley and maize-teff-wheat in the first and second year, respectively. Compared with the normal year, summer temperature was higher and summer and winter precipitations were lower in the first year, while no climatic disorder was observed in the second year. Even though dry matter yield of teff was minimal in the present system due to weed damage, CP concentration was the highest among crops and TDN yields of the present cropping system tended to be higher in the second year with no drought stress than in the conventional maize-IR system in the region.
Introduction
Since climatic conditions of annual temperature at 17.0˚C and annual precipitation above 2500 mm are suitable to a double cropping system of soiling crops production in southern Kyushu, summer crops such as maize (Zea mays L.) and sorghum (Sorghum bicolor Moench) are ordinarily cultivated from late March to early September and winter crops such as Italian ryegrass (Lolium multiflorum Lam., IR) and oat (Avena sativa L.) from mid-October to the following May. Annual use of tropical grasses such as Rhodes grass (Chloris gayana Kunth) and Guinea grass (Panicum maximum Jacq.) is also applied as hay and haylage production as a replacement of summer soiling crops in the region, however, there are no promising grasses which have so short growing days around two months to be matured as to meet to grow in the switching period from summer to winter soiling crops. Reduction of feeding cost in animal production is in a high demand for livestock farmers in the region, since mixed feed price increased by 17.4% over seven years from 2009 to 2016 [1] . Therefore, multi-cropping rather than the conventional double-cropping system can be applicable to southern Kyushu, if some novel forage species is introduced to fit to the short growth property in a hot summer season.
Teff (Eragrostis tef (Zuccagni) Trotter) is cultivated as a staple food crop in Ethiopia for many centuries [2] with self-pollinated and annual tropical grass species. Recently, this food crop has an attention as gluten-free and high content of minerals, which is an alternative to wheat [3] [4] . The grass can be grown in so wide range of soil and environmental conditions as drought and water-logging soils [5] . Superior growth attributes of this species are early-matured within two months [2] , has thin stems suitable for hay production and high adaptability to poor permeability soil with little drought damage. In the present century, the grass species has been examined for forage crops fed to horses and cattle, and its cultivation has just started in the USA [6] . Research in the USA for teff proved to show dry matter yield in a range of 1000 to 1750 g·m −2 , depending on the growing period [7] , and be adequate for a rotational crop in the USA [8] .
However, the grass is quite new to be cultivated in southern Kyushu, Japan. Barley (Hordeum vulgare L.) and wheat (Triticum aestivum L.) are also used as winter forage crops suitable for silage-processing in the region. Therefore, in the present study, newly introduced tropical grass of teff was tried to be cultivated in the switching period from summer to winter crops, and yield and quality of triple forage cropping system of maize, teff and other cereal crops of barley or 
Materials and Methods

Cultivation and Measurement
This experiment was carried out in the University of Miyazaki, southern Kyushu, Japan (31˚49'N, 131˚24'E) in May 2013 to May 2015. Table 1 showed sowing and harvesting seasons in the present triple cropping system. In the first year, we cultivated maize (cv. Snow dent 110), teff (cv. Tiffany) and barley (cv.
Wasedori-nijyou). In the second year, the same cultivar of maize was used as in the first year, while cultivar of teff was changed to cv. 
Genotypes Examined
Maize cultivar "Snow dent 110" has high DM yield with lodging resistance. Teff cultivar "Tiffany" is now a leading variety in the U.S. and "Moxie Teff" is a high yielding with highly palatable cultivar. Since seed size of Teff is very small, therefore Teff needs soil compaction at the sowing to maintain good establishment. In the second year, Teff variety "Moxie" is adopted since it is sold as coated seed, which should facilitate the establishment. Barley cultivar "Wasedori-nijyo" is an extremely early-maturing type with lodging resistance. The cultivars of wheat are used to edible varieties for bread and noodles. Wheat cultivar "Chikugoizumi", is an early-maturing type with disease tolerance to abnormally early-ripening season and leaf rustfungi [11] . Wheat cultivar "Minaminokaori", has high crude protein content [12] with disease tolerance to wheat yellow mosaic virus.
Statistical Analysis
Analysis of variance (ANOVA) was performed using Excel Statistics (OMS Co.
Ltd., Saitama) by one-way analysis procedures for growth attributes of maize,
Teff and wheat in a randomized complete design. Mean separation was tested using the Tukey-Kramer method at the 5% level. Student's t-test at the 5% level was applied to analyze the differences in yield attributes of each crop between two growing seasons.
Results
Climatic Conditions
Monthly precipitation in July and August in the first growing season (2013) was lower than in the normal year averaged in 1980-2010, while the mean air temperature in the corresponding months was higher by 2˚C than in the normal year ( Figure 1) , showing that the summer weather condition had high temperature with low precipitation. In the second season (2014), mean air temperature was the same as in the normal, while precipitation in February and August was higher than in the normal year.
Plant Growth
In the first growing season, plant length in maize increased rapidly from mid-June to mid-July and continued to increase consistently up to heading stage in early August (Figure 2 ). SPAD value in leaf blade of maize was determined at (Table 2 ). Tiller density in both cultivars of wheat peaked in the end of December, then dropped to early February, probably due to cold weather damage, recovered to early March, and then slightly thinned due to stem elongation (Figure 4 ).
Herbage Quality
In five cereal crops, even though teff was not fractionated, maize, barley and two cultivars of wheat were fractionated to plant parts and determined for compositions of general chemical components, IVDMD and TDN (Table 3) , showing similar tendency in general chemical components among plant fractions (Table   3 ). Compared with the other plant parts, leaf blade had the highest composition (Table 3 ). In the current study, barley as a whole plant had the highest in CP, IVDMD and TDN content, followed by maize and wheat cv. "Chikugonoizumi" and "Minaminokaori", while teff was variable from higher IVDMD and TDN content in the second season to the lower values in the first season (Table 3) .
Total Dry Matter Yield and TDN Yield
DM yield of each plant fraction was determined at the harvest in the two growing seasons ( Table 4) . As winter crop, barley and wheat were incorporated into the present triple cropping in the first and second season, respectively. As for spring maize, DM yield increased from the first to the second year mainly due to the doubled DM accumulation of ear fraction in the second year. Reduction in teff yield in the second year was due to the lower DM accumulation in the stem fraction than in the first year. Increase in wheat DM yield in the second season was due to DM accumulation in stem and ear fractions, compared with barley in the first season (Table 4) . Annual total of DM and TDN yields of the two-year cropping were compared in Figure 5 . Total DM and TDN yields in the second growing season were significantly higher than those in the first season. In the first and second seasons, DM yield of maize was 1,312 and 1,780 g·m −2 , respectively, however, teff cv.
"Tiffany" and "Moxie" poorly yielded 317 and 92.9 g·m −2 , respectively, due to weed damage. "Moxie" is sold as coated seed and so the establishment under adverse conditions is improved, leading to increase in DM yield. However, in the present study, the germination of coated seed "Moxie" was slower than the pure seed "Tiffany". Therefore, the early growth of "Moxie" was slower than that of "Tiffany", leading to the suppression of growth of "Moxie" by summer weed. In winter crops, DM yield of wheat in the second season was higher than that of barley in the first season. In the current study, annual total of DM yield was higher in the second season at 2,637 g·m −2 than in the first season at 2,044 g·m , respectively, showing that the total DM and TDN yields in the second season of the current study achieved at about 20% and 11% higher than those in the statistical data.
Discussion
DM yield was higher in wheat than in barley, while forage quality attributes in CP, IVDMD and TDN content were superior in barley to those in wheat. In the current triple cropping system, wheat was harvested in May when the maize cropping season is started. Therefore, combining of high quality and short growth potential was suggested for barley as the suitable winter forage crop. In the current study, we tried to cultivate newly introduced tropical grass species of teff, combined to the summer and winter crops. However, DM yield of teff was quite low in both seasons, due to competition against weedy species. In a teff variety trial in South Charleston, Ohio, "Moxie" yielded higher by 8% than "Tiffany" [15] , which was a reversed ranking in the current study, although the current research was conducted in the different year. In the United States [16] , competition between teff and weeds is also a serious matter for establishment and the first-cut harvest. The only chemical option available (herbicide) for weed management in teff is to apply glyphosate. The glyphosate apply to weeds prior to planting teff. Some researcher showed that competition between teff and weeds after herbicide application was minimal due to the vigorous teff stand [17] . In the previous pot cultivation, growth in teff was not significantly affected by high moisture stress nor chemical fertilizer application rate [18] . Therefore, it remains to be solved for the optimum management system for weed management, selection of cultivar and sowing rate of teff cultivation. In the spring-maize, 
Conclusion
In the current study, we tried a triple cropping system incorporating newly introduced tropical grass of teff into maize and winter cereal crops. Forage yield and quality of the triple cropping system was determined for two growing seasons. Triple cropping was the combination of spring-maize, tropical grass of teff and winter barley in the first season and the same maize and teff combined of winter wheat in the second season. In the first growing season, summer period had higher mean air temperature and lower precipitation than in the normal year, leading to lower DM and TDN yields compared with the conventional ma- 
